Despite the economic importance of translation work, research can hardly keep pace with current developments, especially the use of electronic resources. A growing body of literature on writing processes in various languages and domains (e.g. journalism, education) has provided insight into how professionals and students use language and language resources. However, the questions of how translators use electronic, non-electronic, and internal linguistic resources and of how novices and experts differ in this regard remain to be investigated in detail. A multi-method approach called progression analysis, which combines ethnographic observation, interviews, computer logging, screenshot recordings, and cue-based retrospective verbalizations, has been used to explore differences between novice and expert journalists and lends itself ideally to the domain of translation. Progression analysis captures diverse aspects of translation processes as students and professionals translate and revise their texts and allows us to access their metalinguistic awareness in order to gain insight into their translation competence. The realization of this awareness in different strategies for translating to and from the translator's dominant language is highlighted for the language combination German and English, and differences between novices' and experts' awareness of their revision processes and resource use are identified.
INTRODUCTION
What do translators do when they translate and do they know why they are doing it? Understanding translation processes is crucial not only for educational institutions, but also for multilingually-dependent governmental institutions and companies. The issue has multiplied exponentially in the European Union, with its 23 official languages and an estimated cost of multilingualism in 2005 (with only 20 languages) of EUR 1123 million. Although in recent years English has become the accepted lingua franca of business and academe, the need for welltrained professional translators and multilingual technical writers has actually increased in Europe as more companies reach outside of their language areas. Translation has become an economically important industry, and research can hardly keep pace with its developments, especially with respect to the use of new tools and electronic resources by increasingly technology-savvy cohorts of students and professional translators.
Until fairly recently, much of the empirical research into translation processes was based on think-aloud methods, retrospective verbal protocols (RVPs), and/or comparisons of various drafts of a translation. These techniques have brought the field forward significantly, although they also suffer from certain limitations (see Bernardini 2002; Hansen 2005 Hansen , 2006 Jääskeläinen 2002; Jakobsen 2003; Krings 2001 Krings , 2005 Lörscher 2005; Tirkkonen-Condit 2002) . With the advent of computers in text production and translation work, computer keystroke logging in combination with think-aloud and/or retrospective protocols opened up opportunities to monitor processes with much less impact on the usual behavior of the translator or writer involved (e.g. Buchweitz and Alves 2006; Englund Dimitrova 2006; Göpferich 2008; Heiden 2005; Jakobsen 2003; Jarvella et al. 2002; Leijten and Van Waes 2006; O'Brien 2006; Perrin 2001 Perrin , 2002 Perrin , 2003 Perrin , 2006 Sullivan and Lindgren 2006; Van Waes and Leijten 2006) . In most research of this type, all of the keystrokes and cursor movements are recorded in a log file as writers or translators perform certain tasks on the computer.
Despite their usefulness in tracking micro-changes in an emerging translation, keystroke logging techniques provide little or no information about what resources a translator refers to or what the translator is doing when not entering text into the computer. The computer logs basically reflect the writing process involved in translating. Monitoring all the changes that take place on the computer screen, however, makes it possible to infer other processes that occur during translation, such as when a person pauses to open up an on-line thesaurus to look for a word. Continuous screenshot recording is invisible and non-intrusive and has been used in various investigations of writing and translation processes (e.g. Asadi and Séguinot 2005; Degenhardt 2006; Ehrensberger-Dow and Massey 2008) .
Combining various techniques makes it possible to examine translation processes from different perspectives to gain more insight into the competence and resources that translators draw on as they work. Progression analysis, a method combining ethnographic observation, interviews, computer logging, graphical representations of writing processes (progression graphs), and cuebased RVPs, has proven valuable in studies of the writing processes of journalists, communication professionals, and schoolchildren (e.g. Gnach et al. 2007; Perrin 2003; Ehrensberger-Dow 2006, 2008) . The progression graphs allow us to detect problematic points in an emerging translation, and the computer logs provide detailed information about the process at those points. If the translators also indicate what they did at those points and why (for example, during a cue-based RVP), we can infer some of the strategies they use to deal with such problems. By adding information from the other sources of data, such as the screenshot recordings, we can describe their practices (e.g. reading farther in the source text, re-reading the target text, revising other sections of the target text, revising that section of the target text, thinking about the problem, looking up terms, checking for parallel texts, doing relevant research, etc.) and make inferences about their metalinguistic awareness of what they do.
MULTILINGUAL TRANSLATORS IN SWITZERLAND
Although professional translators usually translate into their L1, many are expected to be competent in more than one language combination and also to be able to translate into their L2 since there are simply not enough qualified native speaker translators in many countries to meet business and government needs. From an unquestioned acceptance of the primacy of the native speaker (cf. Davies 2003) , the trend is towards increasing recognition of the value, quality, and reality of writing in and translation into L2 (Adab 2005; Campbell 1998; Pavlović 2007; Pokorn 2005 Pokorn , 2007 . Investigations into translation processes in a country such as Switzerland, 1 where many employers require various combinations of German, French, Italian and/or English, should include comparisons between translating into and out of both the L1 and L2 whenever possible.
In the undergraduate translation program at our university, all the students have very high competence in at least three languages: their first or dominant language (L1) and their other study languages (L2). For example, a student raised in Swiss German with the language combination German, English, and Italian might also be quite proficient in French but not have chosen it as a study language. As educated multilingual adults, our students and professional translators in Switzerland have probably developed a fairly high level of metalinguistic awareness (cf. Bialystok's 1991 research with bilingual children or Jessner's 1999 review of research with multilinguals), which can be defined here as: the ability to reflect upon and manipulate language(s); a sensitivity to what is implied rather than stated; and an analytical attitude towards language. The question explored in the present paper is whether metalinguistic awareness is positively related to translation competence and if so how it can be fostered.
TRANSLATION COMPETENCE AND METALINGUISTIC AWARENESS
The multilingualism of translators in Switzerland certainly meets one of the requirements for translation competence, but bilingual (or multilingual) competence alone is not enough, as the PACTE model of translation competence makes clear. The PACTE group has proposed a holistic model comprising six interacting sub-competences or components (2003, 2005, 2007, 2008) . Three of them are probably common to all multilingual producers of texts: the bilingual and extra-linguistic sub-competences and the psycho-physiological components. However, three sub-competences are assumed to be specific to translation: translation-knowledge sub-competence, instrumental sub-competence, and strategic sub-competence. The translation-knowledge sub-competence, involving knowledge of translation principles and the profession, is presumably acquired during translation training and/or gained through professional experience. The instrumental subcompetence, made up of research and information technology skills, has been found to be a major feature distinguishing the problem-solving decisions taken by expert translators from those of non-experts (PACTE 2005) , which confirms results obtained from similar investigations (see Fraser 1999; Kussmaul 1995; Livbjerg and Mees 2003; Tirkkonen-Condit 2005) . On the basis of such findings, our institute has introduced courses dedicated to tools and research techniques, with positive effects on student performance (Massey, Riediger and Lenz 2008) . The strategic sub-competence, which controls the entire translation process, is where translators' metalinguistic awareness might be expected to be an important factor.
In the next section, we present some preliminary findings about translators' metalinguistic awareness of revision processes and resource use. Since we are interested in the role of metalinguistic awareness in translation competence during normal translation work routines, we have chosen progression analysis, a rather complex methodology that has the advantages of being relatively noninvasive for the translators involved and thus producing ecologically valid results (see above). Progression analysis allows us to trace the development of the emerging translation, all of the revisions to the text as well as all of the search terms and electronic resources that are accessed during the translation process. In particular, the cue-based RVPs provide us with information about why certain decisions, revisions, searches, etc. are made during the translation process as well as the translators' awareness of what they are doing and why. This data allows us to gain insight into the cognitive processes involved in translation work.
METALINGUISTIC AWARENESS OF REVISION PROCESSES
The first set of translation processes analysed and discussed below are part of the corpus from the ZHAW Capturing Translation Processes project.
2 One of the processes was from a beginner (a translation student at the end of the 2 nd year of a 4-year undergraduate translation program) and the other one was from a staff translator who was participating in a professional development seminar. They translated the same short German news text about defective Chinese products being taken off the market in the EU from their L2 into their L1 (English) on computers in our institute. All screen events were recorded with Camtasia Studio screenshot software, and their keystrokes were logged in order to, for example, produce progression graphs (see Figures 1 and 2 ). Immediately after their translation processes, the beginner and the professional translator were shown a replay in real-time of the screenshot recordings and asked to verbalize what they saw themselves doing. A researcher was present to record everything the participants said in an audio voice-over digital file linked to the screenshot recording and to prompt them to continue if they stopped commenting.
The progression graph in Figure 1 shows the sequence of revisions (i.e. insertions and deletions) that the beginner made during a 20-minute translation process. The y-axis represents the relative position of a revision in the final translation and the x-axis represents the relative order in time that a revision is made. The jagged trace of the first sentence (revisions 1 to 17) indicates that the beginner went back and forth within that sentence before moving on to the next. Some of the beginner's comments in the cue-based RVP, as she viewed a screenshot recording of what she had done, suggested a certain level of metalinguistic awareness of the difficulties the first sentence presented, but little sophistication. For example, in her comment "The first sentence is hard because I didn't know how to get into the text", she refers to the difficulty of starting to translate the text (quite typical of novices) but does not specify why she thinks that is the case. She notices a misinterpretation on her part when she comments "Then afterwards I realized that it wasn't just toys …" and of the difficulty of trying to find an equivalent for a German expression "… and this uhm 'aus dem Verkehr gezogen' was really strange so I went to go and check … I knew I couldn't take 'taken out of the traffic'. So I went to Leo 3 ." Another of the comments about this sentence suggests that her external search might have triggered something in her English mental lexicon, although she did not express it that way "but as I was going through the other words I had a thought … you talk about taking off the shelves … circulation …".
The second sentence of the same text seems to have presented even more problems, if the jagged progression from revisions 18 to 51 is interpreted as reflecting interruptions in the flow of translation. The beginner's comments about this section of the text indicate an awareness of linguistic terminology ("At the beginning, the time adverbial … I think I decided to give her capitals ....") and a certain degree of analytical ability ("I had to get this lady in too. So, then, I did decide to put her first because it's kind of normal in English"). However, they are very focused on superficial features of the text and suggest that she was not always aware of what she was doing or why (e.g. she says "oh, that's a good idea" and laughs as she sees a change she made and comments that "it's still a rather heavy sentence but it took a lot of cutting and pasting to get it there …").
In contrast to the beginner's, the progression graph of the professional reveals a very smooth process in the first and second sentences (see Figure 2 ; revisions 1 to 46) and a much higher level of translation competence, since all of the text was translated in 20 minutes, compared with only about half of the text by the beginner in the same length of time. The jump at the end of the progression graph (revisions 137-139) indicates when the professional translated the title of the text: a good translation strategy, since waiting until one is familiar with the contents of a text usually makes it easier to provide an appropriate title. Aside from the title, the most noticeable irregularity in the professional's progression graph is at the beginning of the sixth sentence (revisions 96-105). His comments about this part of the text reflect a much more sophisticated degree of metalinguistic awareness of the intricacies of both languages than any of the beginner's do: "And the next sentence again, I wondered how to start it, because of the emphasis of 'Besonders für Kleinkinder'. To get the 'in particular' in ex-actly the right place. And the fact also, that it's in the subjunctive, because it's reported speech by the commissioner, which is also tricky to render in English." He also seems very aware of his translation-in-progress:
"But meanwhile, you see, while I was thinking about that, I went to the easy bit of the sentence, which was right at the end: '… said the EU Commissioner' or just simply 'the Commissioner', because we already know that she's an EU Commissioner."
This professional translator's routine of deleting the German text word-by-word with a particular keystroke combination 4 after he finishes translating each proposition or sentence allows him to catch and correct an omission: "And I had to go back, when I saw -just before I deleted 'Kleinkinder' -that it was 'Kleinkinder' and not just 'Kinder'." Although he does not mention it explicitly as a translation strategy, this particular IT skill is presumably an efficient aspect of his instrumental sub-competence.
METALINGUISTIC AWARENESS OF RESOURCE USE
Another aspect of the instrumental sub-competence that we have examined in some detail in our project concerns resource use and research skills (Ehrensberger-Dow and Massey 2008) . A terminological translation problem in the same text, "EU-Schnellwarnsystem RAPEX", had to be recognized as such (strategic sub-competence) and then solved (instrumental sub-competence). The students in our undergraduate translation program complete a course on research techniques, so it is not surprising that practically all of those who translated this text recognized the need to research this term and did so (see Table 1 ). Almost all of the more experienced, 4 th -year students (UE03) were also successful and very fast, taking 20 seconds or less to find the correct term, although only a third of the 2 nd year students (UE05) were. A sampling of typical comments from the cue-based RVPs reflects differences in metalinguistic awareness related to translation ability (and presumably competence). The 2 nd -year students focused on the compound word and used on-line bilingual dictionaries (e.g. "Well, then there was this 'Schnellwarnsystem', let's check if it exists." UE0503). The successful 4 th -year students recognized that the acronym RAPEX was the key to discovering an equivalent in English and were able to judge sources appropriately (e.g. "And then I looked up RAPEX … one of the first hits was the EU site, which is certainly trustworthy." UE0310). Even the unsuccessful 4 th -year student seemed to recognize what she should have done ("I suppose I could have also looked for RAPEX but I'm looking in Leo here, since Leo is quite European …" UE0314).
The professionals who translated this text did not do research as often as the 4 th -year students did: for example, just four of seven researched the RAPEX term and only three of those were successful. Their translation processes in this corpus were obtained as part of a professional development course, and they were away from their familiar workplaces and computers, which may have made them less inclined to use the resources at their disposal. These professionals were also quite a bit older on average than the students (44.6 years and 25.8 years, respectively) and may not have been as quick to exploit computer resources as the younger cohorts of translators were.
However, a comment in the cue-based RVP of the same professional we discussed earlier suggests another possible explanation. His search was very quick (11 sec.) yet unsuccessful. He recognized his mistake ("because I first thought of 'early warning system' … but it's actually 'rapid alert system' … so it's a mixture of what I guessed and what it actually is" PRO09DE), although he did not go so far as to speculate that his preconceptions might have been detrimental to translation quality in this case. The professionals (but not these students) translated into their L1, which may have made them more inclined to rely on their internal linguistic resources and less inclined to use external resources to do careful research.
To test the hypothesis that preconceptions might be more likely when translating into the L1, we analyzed the translation processes of a parallel English text into German by other groups of students. Relatively few of the 2 nd -year students researched the term "the rapid alert system, Rapex [sic]" (8/19) and only half (4/8) of the 4 th -year students did. As discussed elsewhere (Massey and Ehrensberger-Dow, submitted) , this may have also been due to the form of the technical term in the English source text, since it was capitalized like a name rather than being written as an acronym.
However, the cue-based RVPs suggest a relative lack of metalinguistic awareness when translating into the L1, at least concerning this particular aspect of instrumental sub-competence. For example, one of the successful 4 th -year students here ultimately did use a strategy similar to the 4 th -year students translating into their L2 but only after first trying an on-line bilingual dictionary, just as the less experienced students did:
"hmm … 'alert system' is familiar to me … Leo doesn't give me anything useful … I had a quick look at Google but didn't see anything useful. I tried to paraphrase it and then thought: better check Google again quickly. And then I found it on the EU site." (UE0304)
Another 4 th -year student seemed to have been successful only by stumbling on the correct term in a later search ("I see that it's called 'Warnmeldesystem' on an official site and that's good enough for me. <laughs> … oh … I see in this newspaper article that it's called something else" UE0312).
CONCLUSIONS
Examining and combining various sources of data (from keystroke logs, recordings of screen events, intermediate and final translations, and cue-based RVPs) through progression analysis has highlighted translators' metalinguistic awareness of two aspects of their competence: revision and resource use. Our results suggest that metalinguistic awareness seems to mirror translation competence. Recognizing translation problems, compensating for the limitations of internal resources, and knowing which external resources to access (and when) all seem to be aspects of translation competence. As translation competence develops, this knowledge presumably develops into metalinguistic awareness, providing us with a window onto translators' minds and guiding our choices in planning the curriculum of translation training programs for students and professionals.
Using screenshot recordings to trigger translators' comments and insights into their translation processes is one way to discover how aware they are of what they do and of at least some of the strategies that they might have used. As in Perrin and Ehrensberger-Dow (2006) , strategies here refer to the conscious ideas about how decisions are to be made during the translation process so that a target text has a great probability of taking on the intended form and fulfilling the intended function. However, it relies on translators' being able to articulate what they were doing and why and their remembering what they were thinking about during pauses in the process. It is one way of gaining access to their metalinguistic awareness but has the major disadvantages of being timeconsuming and potentially producing artifacts rather than revealing mental processes (e.g. when people provide textbook explanations of what they were doing while translating).
One of the newest attempts to view translation processes from the producer's perspective is through eye-tracking, which records what word or part of the screen a person is attending to at any particular time and traces reading paths and activity during pauses in the translation process. Other methods such as keystroke logging and RVPs have recently been combined with eye-tracking in attempts to understand the role of monitoring during translation and the cognitive load of different types of translation tasks (Andersson et al. 2006; Dragsted and Gorm Hansen 2007; O'Brien 2006; Rydning and Janyan 2008; Sharmin et al. 2008 ). The progression analysis described in the present paper can be supplemented with eye-tracking in order to capture diverse aspects of translation and revision processes. As well, metalinguistic awareness can be accessed in different ways to identify which are most likely to reveal the strategies translators use when they encounter challenges translating from and into their L1 or L2.
More research is clearly needed to explore the use of internal and external resources as students, novices, and experienced professionals translate different types of texts from and into various languages. As we expand our corpus, we will use theoretical sampling 5 based on the core concepts that emerge in our analyses to identify further interesting cases to examine and analyze in more detail. This will release hidden expert knowledge, allowing inferences to be made about the practices and strategies that guide translation processes, considerations translators might make, and the awareness that translators have of what they are doing. The results should contribute to validating existing models of translation competence (e.g. Göpferich 2008:155; PACTE 2003:60) and allow us to develop systemic measures to optimize education and training, workflow efficiency, and output quality at all levels of competence.
Notes

